Abstract Breast cancer tends to arise in older women who are also burdened with comorbidities such as cardiovascular disease (CVD). Increasing numbers of breast cancer survivors and an aging population warrant a better understanding of CVD management and adherence to preventive therapies. We estimated adherence to statins and therapeutic goal lipid values during the year before breast cancer diagnosis or baseline, treatment period, and in subsequent years of clinical management among breast cancer survivors. We sampled women from an existing cohort of 4,221 women diagnosed with incident early stage (I, II) invasive breast cancer from 1990 to 2008 and enrolled in a large integrated group practice health plan. Among prevalent statin users (N = 1,393), medication adherence and persistence were measured by medication possession ratio (MPR), % adherent (MPR \ 0.80), and discontinuation rates. Laboratory data on LDL and HDL were obtained for the coinciding periods. Mean MPR for statin use (0.78 vs. 0.68; P \ 0.001) and proportion adherent (67.0 vs. 51.9 %; P \ 0.001) declined from baseline to the treatment period. Mean LDL (143 mg/dL baseline vs. 150 mg/dL treatment period; P \ 0.001) and proportion not at LDL goal (60.1 vs. 70.8 %; P \ 0.001) coincided with decreases in adherence. During treatment, non-adherent statin users had the highest mean LDL (160.4 mg/dL) and proportion not at goal LDL (91.8 %) overall. Adherence did not return to baseline in subsequent years following treatment although LDL levels did. HDL did not differ by periods of interest or adherence levels. Adherence to statins in this population was poor, particularly in the treatment period, and lagged in returning to baseline. Understanding the influence of life events such as cancer diagnosis and treatment on management of comorbidities and adherence to preventive therapies are important to the growing population of breast cancer survivors.
Introduction
In the United States (US), heart disease and cancer are the leading causes of death. However, improvements in the treatment of both conditions are leading to a larger and larger cadre of elderly individuals with ''multi-morbidity.'' In fact, between 2000 and 2020, the number of Americans with multi-morbidity is expected to rise from 60 to 81 million In light of the aging population and improved survivorship [1] . Oncologists can increasingly expect to be treating patients with multiple morbidities and competing risks for death. This is particularly true for early stage cancers, such as early stage breast cancer where 5-year survival is greater than 75 %. For these women, death from cardiovascular disease (CVD) is also an important source of morbidity and mortality. Therefore, managing their chronic and preventive medications during treatment for early stage breast cancer will be increasingly important. Medications, such as HMGCoA reductase inhibitors or statins, which are demonstrated to reduce CVD events and mortality through improvements in lipid profiles, are paradigmatic examples of important primary and secondary preventive agents [2] [3] [4] [5] . However, the effectiveness of statins is tied to adherence [6] . Adherence rates for statins in the general population are estimated at 61-82 % in the first year of treatment and 10-22 % 3 years after initiation [7] . Paucity exists in the literature regarding management of comorbidities during and after breast cancer diagnosis and treatment. Reports on medication adherence are not well indexed in the scientific literature because the number of studies is small and scattered across traditional disease boundaries and disciplines.
Increasing numbers of breast cancer survivors and an aging population at risk for CVD warrant a better understanding of CVD management and adherence to preventive therapies in this population. The purpose of this study was to estimate adherence to statins in the year before breast cancer diagnosis, during breast cancer treatment, and in subsequent years of clinical management among a cohort of women diagnosed with early stage invasive breast cancer. Further, we evaluated lipid levels during these same time periods.
Materials and methods

Population and setting
We sampled women from an existing cohort of 4,221 women diagnosed with incident early stage (I, II) invasive breast cancer between 1990 and 2008 at Group Health Cooperative (GH). Women without at least 1 year of enrollment prior and after breast cancer diagnosis (unless they died) and women with bilateral breast cancer were excluded. GH is a large integrated delivery system that provides comprehensive medical care to approximately 650,000 enrollees in Washington State and parts of Idaho. Incident breast cancers and tumor characteristics were identified through linkage to the Surveillance Epidemiology and End Results Seattle-Puget Sound registry. Women with diagnoses through August 2007 were followed to the earliest of recurrence, death, disenrollment, or end of study period (August 2010). Patient characteristics were obtained through GH automated data files [8] , which include laboratory results, inpatient and outpatient diagnoses and procedures, enrollment, pharmacy dispensings, and death (internal records and Washington state death tapes) [9] . Information on breast cancer treatment and outcomes (e.g., recurrence) were obtained through review of medical records. For the current study, we selected only women with C1 dispensings of statin medication in the year before breast cancer diagnosis (N = 1,393).
Measures of medication adherence
Medication adherence and persistence were measured by means of medication possession ratio (MPR) and discontinuation rate (DR), respectively. Shorter days' supply associated with repeated statin dispensings prompted calculation of measures to incorporate both information on oversupply and medication gaps, a more recently validated method using automated pharmacy/claims data [10] . Recent reviews in the scientific literature identify the MPR and DR as the most commonly used and reproducible measures of medication adherence [11] . We defined MPR as the proportion of days' supply of medication dispensed over the number of days for which the patient had been prescribed statins, or the intended period of statin treatment. For example, in a period of 180 days, four dispensings of 30 days' supply (120 days) of pravastatin would result in an estimated MPR of 0.67 (120/180). An MPR C 0.8 was considered the threshold for which women were adherent to chronic statin therapy. DR was calculated using the observed number of discontinuation episodes, defined as a gap of C90 days between the end of a previous days' supply and the subsequent dispensing of statin medication. DR is equal to the proportion of users with C1 discontinuation episode per year. Thus, for periods of one year, DR is the 1-year cumulative incidence of discontinuation.
Observation periods
Using dispensing data from the GH automated pharmacy database, MPR and DR were calculated for the 1-year period before breast cancer diagnosis (Year -1, t 0 -1 year $ t 0 ), treatment period (t 0 $ t tx = t rx ? 90 days), 1-year period following end of treatment (Year ?1, t x $ t x ? 1 year), and two subsequent 1-year periods following end of treatment (Fig. 1) . The treatment period was defined as time from diagnosis to last of surgery, radiation, or chemotherapy plus 90 days. Sensitivity analyses were conducted on the definition of the treatment period. Specifically, we examined no distinction of individual ''treatment periods,'' meaning observation periods were the same for all women: diagnosis date -1 year, diagnosis ?1 year, 1-2 years post diagnosis, etc. Results from these sensitivity analyses were similar and therefore only the main results are reported. Women contributed to the four post-diagnosis observation periods only if they were using statins (i.e., no complete discontinuation) in the prior observation period.
Lipid profiles
We obtained laboratory data for statin users on low-density lipoprotein (LDL) and high-density lipoprotein (HDL) within corresponding time periods in which statin adherence was calculated. The proportion of statin users that received C1 laboratory measurement of LDL and HDL was 67.3 %. During the treatment period, only 50.7 % of statin users had laboratory data on the lipid profile. In subsequent periods, Years ?1, ?2, and ?3, statin users that received C1 laboratory measurement of LDL and HDL increased and returned to a proportion similar to baseline, 78.3, 64.4, and 65.2 %, respectively. The highest of LDL measurements and the lowest of HDL measurements in a given period of interest were used to determine clinical control of dyslipidemia with goals assumed to be: LDL \ 130 mg/dL and HDL C 50 mg/dL [12] . We performed sensitivity analyses examining the lowest of LDL and highest of HDL measurements when more than one laboratory value was available in a given observation period, as well as mean value of multiple measures. Results from these analyses were not appreciably different from our first approach. On average, less than 10 % of those tested had more than one laboratory measure in each period. Thus, we report on only our main analyses.
Results
Demographic and clinical characteristics
Of the 1,393 women on statins at any point during the year before breast cancer diagnosis, mean length of time to end of primary treatment (last of surgery, radiation, or chemotherapy) in statin users was 135.1 days (SD, 97.7) ( Table 1) . Among these women, median age at diagnosis was 65 years, the majority presented with AJCC Stage I tumors (67.4 %) and scored zero on the Charlson Comorbidity Index [13] (CCI) (57.2 %). Also, 150 (10.8 %) statin users had a history of ischemic heart disease in the year before diagnosis. Between the year before diagnosis and Year ?3, 434 women were censored from analysis due to discontinuation of therapy or at first of death, disenrollment, or breast cancer recurrence (Table 2 ). Most women removed from the analysis in subsequent years were due to discontinuation of therapy or disenrollment (n = 300, 69.1 %) versus recurrence (n = 74, 17.1 %) or death (n = 60, 13.8 %). Of those deaths, less than 10 % were cardiovascular-related according to state death records on cause of death.
Medication adherence and persistence
Mean MPR for statin use in the year before breast diagnosis (i.e., Year -1) was highest overall, 0.78 (Table 2 ). In Year -1 there were 934 (63.7 %) statin users adherent to medication therapy (i.e., MPR C 0.8). Mean MPR was lower in the treatment period, 0.68 (P \ 0.001) compared to the prior year. Accordingly, statin users considered adherent in the treatment period (50.2 %) declined. In the subsequent three years of observation, mean MPR and proportion adherent were similar to the treatment period. The lowest MPR observed was in Year ?2, MPR = 0.63 with an observed proportion adherent of 35.9 %, although this difference from the treatment period was not statistically significant (P = 0.55). The proportion of users that did not experience a discontinuation episode (DR \ 1) in Year -1 was 50.5 % and greatest in the treatment period (57.7 %; P \ 0.001). In each of the 3 years following treatment, the proportion of statin users not experiencing interruptions in therapy significantly declined to lower than that of Year -1 (P \ 0.001).
Lipid profiles
Mean values for LDL and HDL are reported in Table 3 . Among statin users with measures of LDL during periods of interest, mean LDL (150.3 mg/dL) and proportion not at goal LDL (70.8 %) were highest during the treatment period in comparison to Year -1 (143.3 mg/dL and 60.1 %). Among adherent statin users (MPR C 0.8), mean LDL in subsequent years of followup was significantly lower in comparison to Year -1 except for the treatment period (P = 0.47). In non-adherent statin users (MPR \ 0.8), mean LDL was higher in the treatment period (160.4 mg/dL; P \ 0.001) and lower in Years ?1, ?2, and ?3 (P \ 0.001) compared to Year -1. Mean HDL and proportion not at goal HDL were similar across observation periods and between adherent and non-adherent statin users (Table 3) .
Discussion
Women with early stage breast cancer form the majority of contemporary breast cancer survivors in the developed world [14] . Our results suggest that adherence to statin therapies as measured by MPR and DR may be sensitive to timing of breast cancer diagnosis, treatment, and recovery. Medication adherence decreased in the treatment period and lagged in returning to baseline levels. Furthermore, rates of discontinuation observed in our cohort of women with breast cancer were consistently greater than those reported in more general populations of statin users studied in meta-analyses, rates approximately twice that of the observational studies and four times that of clinical trials [15] . Regardless of statin adherence, LDL levels were lower or returned to pre-diagnosis levels in the years following breast cancer treatment. Adherence measured in the study period appeared to be correlated with mean LDL; higher adherence (i.e., higher MPR) and persistence (lower DR) were observed in periods where mean LDL was lowest; lower adherence and persistence were observed in periods where mean LDL was greatest. Mean HDL levels remained relatively stable for both those adherent and non-adherent users although effects of statins to increase catabolism of LDL are more robust versus effects on HDL [16] . Differences in mean LDL were statistically significant for non-adherent statin users between the treatment period and other years of observation, but not among adherent users. This is perhaps suggestive of maintained baseline levels of LDL among adherent statin users and not in non-adherent users.
Relevant literature on medication adherence is limited to statin use in the general population and use of tamoxifen or aromatase inhibitors among breast cancer survivors. To that end, non-adherence to cardioprotective medications among those with coronary heart disease (CHD) is associated with increased risk of cardiovascular hospitalizations and mortality, 12-25 % for statin non-adherence [17, 18] . In a meta-analysis of CHD primary and secondary prevention studies, medication persistence among initiators and prevalent users was evaluated [15] . In primary prevention studies 21 % of statin initiators discontinued treatment in randomized trials versus 41 % in observational studies. Differences in our study design and populations from previously published reports and meta-analyses make direct comparison to our population's statin adherence difficult. Specifically, our study of prevalent users over time is subject to selection biases that women in our cohort (MPR 0.63-0.78) were in the range of those studied in the general population of statin users (MPR 0.58-0.79) [15] . However, the proportion of our cohort considered non-adherent to therapy was greater than that of the general population after a sharp increase during the treatment period. Although reasons for non-adherence may differ for the general population versus women diagnosed and undergoing treatment for breast cancer, our study lends further evidence to an overall decrease in adherence to statins over time, but especially during a stressful life event such as cancer. Discrepancy in the ranges of discontinuation rates (DR) reported in clinical practice settings (31-73 %) and clinical trials (8-28 %) compared with that among our population (42-60 %) may be an indication of the differences in provider support and treatment delivery mechanisms [19] . The Institute of Medicine's report on cancer survivorship shows that a lack of clear guidelines for caring for patients with a history of cancer creates wide variation in how care is delivered [20] . Cancer survivors may be unclear which provider (oncology or primary care) is primarily responsible for followup care. Evidence from the 2009 Behavioral Risk Factor Surveillance System shows that 20 % of all cancer survivors continue to use an oncologist or cancer specialist as their primary provider for followup care [21] . While discontinuation of statin therapies is clinically warranted in situations that preclude further lipid-lowering treatment, risks that may be mitigated by statin use in breast cancer survivors remain, particularly given the high CVD risk with aging and following cardiotoxic chemotherapies [22] [23] [24] [25] . Our observation of decreased LDL among women non-adherent to statin therapies could indicate that other factors beyond the preventive potential of statins on CVD risk are present among breast cancer survivors. These may include healthy behaviors such as diet and exercise following cancer diagnosis and treatment. In addition, adherence and persistence to statin therapy vary by indication (primary-versus secondary-prevention) and intensity of interaction with a provider for optimization of lipid-lowering treatment. Oncologists, and primary care providers, are well positioned to implement measures to improve adherence to therapies for the management of co-morbid conditions among cancer survivors [26] [27] [28] [29] . Recent studies regarding the impact of comorbidity on both treatment decisions and mortality in breast cancer survivors underscore the importance of preventive therapies and care [1, 30] . Our research findings should raise further awareness on the need for active involvement of both oncology and primary care providers in the management of comorbidities among breast cancer survivors.
Evidence suggests statins may play a role in decreasing cancer risk and recurrence of aggressive cancers [31] . Statins' inhibition of HMG-CoA reductase prevents the conversion of HMG-CoA to mevalonate and its downstream products necessary for critical cellular functions including membrane integrity, cell signaling, protein synthesis, and cell cycle progression [32] [33] [34] . Disruptions of these processes in neoplastic cells by statins may result in control of tumor initiation, growth, and metastasis [32] [33] [34] [35] . Two observational cohort studies have described, though stand to be further replicated and explained, decreased risk of breast cancer recurrence. Among 703 women with stages I-III breast cancer, statin users had a significantly decreased risk of breast cancer recurrence (HR = 0.40, 95 % CI 0.24-0.67, P \ 0.001) [36] . In a Danish prospective cohort of women with stages I-III breast cancer, simvastatin use was associated with 10 fewer breast cancer recurrences per 100 women (10-year risk difference: 0.10, 95 % CI 0.08-0.11) [37] . As such, adherence to statins may be even more important for women at risk for recurrence and in need of the potential chemopreventive effects of statins.
Strengths and limitations
Several limitations to our study should be noted. Although use of automated pharmacy records provides objective and reproducible adherence measures, this methodology has its drawbacks. First, a dispensed medication does not guarantee patients ingested medication as directed, potentially overestimating adherence. Similarly, patients may receive medications from other sources not captured by health plan data and therefore DR may be overestimated. This, however, is unlikely given that approximately 97 % of GH enrollees fill their medications at GH-owned or contracted pharmacies [8, 38, 39] . Issues with regard to external validity make our study's generalizability circumspect. GH enrollees represent a predominantly White, insured American population in the United States, thereby excluding a proportion of breast cancer survivors. This is noteworthy given that minority and low-income women may be at increased risk of cardiovascular outcomes potentially preventable by statin therapies and have a different likelihood of adherence and discontinuation. Although we can make broad comparisons to statin adherence in the general population from other studies, statin adherence among women in our population without a history of breast cancer would be informative, but beyond the scope of this analysis.
Data from the parent study only went back 1 year before breast cancer diagnosis, limiting our ability to evaluate the influence of duration of statin use before breast cancer diagnosis on adherence post diagnosis. Analysis of prevalent statin users, women followed from Year CVD (or breast cancer) mortality, the group of prevalent users will be progressively enriched with susceptible patients as compared with non-users or never users. For example, our statin users included 150 (10.7 %) women with history of ischemic heart disease in the year before diagnosis. It is reasonable to assume that statin use and adherence behavior may be different among these women with a major clinical indication for prevention of CVD mortality, as well as likelihood of being censored from analysis due to CVD death. The mix of incident and prevalent users stands to dilute differences in adherence behavior between those recently starting statin therapy and those on long-term treatment. However, our study adds to the current literature and has many strengths including a large population-based cohort of women with (1) automated pharmacy records considered to be valid, complete, and used in other epidemiologic studies; (2) long term followup; (3) complete capture of cancer and recurrences through the SEER registry and medical charts; (4) cancer and treatment characteristics; and (5) information on diagnoses, laboratory values, and demographics. Also, our approach uses multiple measures of adherence such that comparison to future studies and potential interventions to improve outcomes modifiable by drug therapy are possible [40] . Further studies allowing for comparison of medication adherence to statins in both incident and prevalent users among breast cancer survivors and the general population will be important for understanding any differences in the reasons for non-adherence and the role oncologists may have in managing comorbidities among cancer survivors.
Conclusion
This study provides insight on the role that incident breast cancer diagnosis and its associated characteristics, including treatment and recovery, have on the management of comorbidities. Our study is one of the first of its kind to evaluate adherence to medications used to treat comorbidities among breast cancer survivors immediately antecedent to and following cancer diagnosis and treatment. Given the ability to potentially modify non-adherence, efforts to further establish valid measures of medication adherence, understand multi-morbidity and preventive therapies following cancer diagnosis, and improve selfmanagement are important to the growing population of breast cancer survivors. It will also be important for future studies to understand why LDL levels improve post breast cancer treatment regardless of adherence to statins.
